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The invention relates to a display device comprising at least one picture 
element and a display driver device comprising a driving transistor to be connected in series 
with the picture element 

Such display devices are increasingly based on electroluminescent 
semiconducting organic materials, also known as light emitting diodes (polyLEDs or 
OLEDs). The display devices may either luminesce via segmented pixels (or fixed patterns) 
but also display by means of a matrix pattern is possible. The adjustment of the diode current 
generally determines the intensity of the light to be emitted by the pixels. 

Suitable fields of ^plication of flie display devices are, for ©?cample, mobile 
telephones, organizes, etc. 



A diq)lay device of the type described in the opening paragraph is described in 
USP 6.014.1 19. In said document, the current through a LED is adjusted by means of current 
control. For each columii of pixels in a matrix of luminescent pixels a current driver 
comprising a bipolar transistor and a resistor is provided as part of a driving circuit In stead 
of the bipolar transistors MOS- or TFT- transistors may be used. 

To obtain reproducible gray scales the current has to be substantially constant 
for a certain gray value. This is the reason why the transistors are generally used in the 
constant current region. In this case a high drain-source voltage (or emittor -collector voltage 
in the case of bipolar transistors) is used. This makes the bias of the transistor less sensitive to 
variations in the drain voltage due to variations in for instance the forward characteristics of 
the pixel diodes or the supply voltage of the driver. 

A problem however arises in large volume production of both display devices 
and display driver circuits, since the number of outputs of the driver circuit may be larger 
than the niunber of columns to be provided with driving current. These output drivers may be 
put on, e.g. when the information supplied in the driving circuits (for e.g. the columns at an 
edge of the display) is not essential for a reasonable picture to be displayed or when the 
number of columns in the display is smaller than the number of column driver outputs 



• 
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available in the driver circuit. Since the output driver functions as a current source its output 
node rapidly increases (or decreases) in voltage, the increase being limited by the supply 
voltage. A similar increase occurs if a column connection has broken down. The voltages at 
the output nodes are monitored to maintain a certain voltage value between the supply node 
5 and the output nodes to keep the current supplies in a certain working area. Now, if one of 
the output nodes increases in voltage the supply node voltage also iacreases, causing the 
output node to increase, etc. 

This leads to excess dissipation both in the display device and display driver 

circuit. 

10 Apart from Ms the output current (or an output node voltage) may vary due to 

temperature change, while also different column drivers (and also different columns) may 
differ in their behavior. 



15 It is, inter alia, an object of the present invention to provide a display device of 

the type described in the opening paragraph in which variations in the output node voltages 
and in dissipation is minimal and especially in which extra power dissipation due to an open 
driver output node is prevented as much as possible. To this end in a display device 
according to the invention elements the display driver device comprises means for 

20 . . monitoring output voltages of thQ display driver device ( e.g. for.signaliag the value of an 
output voltage to reach a threshold voltage). 

A preferred embodiment of a display device according to the invention 
comprises and a feedback mechanism to control a reference voltage of the display driver 
device. The reference voltage generally will be the supply node voltage but also it may be a 

25 voltage determining, directly or indirectly, said supply node voltage or any other sxiitable 
voltage node. Via the feedback mechanism the voltage value between the supply node and 
the output nodes is kept substantially constant (at such a value that the current supplies 
remain in a certain working area (the constant current area)) without giving this voltage value 
an excessively high value. To this end the feedback mechanism preferably comprises a 

30 control circuit signaling the difference between an output voltage of the display driver device 
for a picture element and the reference voltage being below a threshold voltage. To prevent 
extra power dissipation due to an open driver output node the display driver device comprises 
means for detecting after the signaling an open output of the display driver device. 
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In a preferred embodiment the means for detecting an open output of the 
display driver device comprise a current path comprising part of the means for monitoring 
output voltages. Said means for detecting may comprise a switch in the current path between 
the reference voltage and the output of the display driver device or a fuse in the current path 
between the reference voltage and the output of the display driver device. 



These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 
10 In the drawings: 

Figure 1 shows diagranmiatically a display device according to the invention. 
Figure 2 shows transistor characteristics of the transistors used in the 
embodiment of Figure 1, 

Figure 3 shows an embodiment of the invention, while 
15 Figures 4 and 5 show further embodiments of the driver circuit according to 

the invention^ and 

The Figures are diagrammatic; corresponding components are generally 
denoted by the same reference numerals. 

20 

Fig. 1 shows diagrammatically an equivalent circuit diagram of a part of a 
display device 1 according to the invention. This display device comprises a matrix of (P) 
LEDs or (O) LEDs 4 with m rows (1, 2, m) and n columns (1, 2, n). This device further 
comprises a row selection circuit 6 and a data register 5. Externally presented information 7, 
25 for example, a video signal, is processed in a processing imit 8 which, dependent on the 
information to be displayed, charges the separate parts 5-1, 5-n of the data register 5 via 
lines 9. 

The selection of a row takes place by means of the row selection circuit 6 via 
the lines 3, in this example by providing them with the required selection voltage (passive 
30 addressing). 

Writing data takes place in that, during selection, a current source 10, which 
may be considered to be an ideal current source, is switched on by means of the data register 
5, for example via (not shown) switches. The value of the current is determined by the 
contents of the data register and is supplied via a voltage supply line 1 1 to the LEDs 4 via 
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data lines 2. The voltage line 1 1 may be provided externally or be derived jfrom voltages 
within the processing unit 8. 

The cxurent switches 10 maybe of a simple type, each comprising just one 
transistor and one resistor. As explained in the introduction, to make the bias of the transistor 
5 less sensitive to variations in the drain voltage due to variations in for instance the forward 
characteristics of the pixel diodes or the supply voltage of the driver, the transistors are 
generally used in the constant current region. The high drain-source, needed then, however 
increases power dissipation especially when different columns differ in their driving 
behavior. The latter may also lead to non-uniform emission behavior. 

10 According to a first aspect of the invention the display driver device 

(comprising in this example the row selection circuit 6, the data register 5, the processing unit 
8 and current drivers 10) also comprises a monitoring circuit, in this example an operational 
amplifier 13 for monitoring its output voltages and to control via a feedback mechanism a 
reference voltage of the display driver device. Although shown as a separate component the 

IS operational amplifier 13 generally forms part of the processing unit 8. The values of the 
operating voltages Vop are monitored by means of interconnections 12. To keep dissipation 
witiiin tihie driver at a low level the Vds value is biased at point x which allows a (maximum) 
value for lo at this Vds value (see Figure 2). Via the operational amplifier the voltage Vsuppiy at 
the voltage line 1 1 is maintained at Vop + Vds. Since the voltages Vop may show some 

20 variation the pro.cessing unit 8 tends to maintain the voltage line 1 1 is at Vop.max .+ Vds , so the 
operating point x will drift to higher voltages as shown by arrow 14 in Figure 2. This may be 
used for detecting end of life of the display (or the display driver device) by simply 
comparing Vpp,iimx with a reference voltage in the processor 8. The reference voltage may be 
generated within the processor 8 or be supplied externally. After detection of Vop passing a 

25 certain threshold the processor 8 generates an end of life signal. 

In stead of simply generating an end of Ufe signal the monitoring is preferably 
used for adapting the display driver device to the display device 1, when the number of 
ou^ut drivers (current sources 10) exceeds the number of columns 2. If one of the current 
sources 10 remains unconnected to a column (in the example of Figure 1 this is show for 

30 column n) its current is zero, so the Vds value tends to be biased at point O and Vop tends to a 
value Vsuppiy. Via the operational amplifier 13, the voltage line 1 1 now, via a positive 
feedback mechanism tends to increase indefinitely (although this increase is limited by the 
externally provided voltages). 
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According to the invention however a similar detection mechanism as 
described above is incorporated in the processor 8, which stops further increase of Vop at a 
certain threshold (e.g. when Vop,n,ax approaches the value Vs^ppiy - Vds.rmn 

Figure 3 shows a more detailed embodiment having two current sources 10, 
one being interconnected to a LED 4, the other having an (open) output 28. Each current 
source comprises a transistor 21 and two resistors 22, 23 connected in series, their common 
point being interconnected to a detecting circuit 24,24% providing the detecting circuit 24,24* 
with an input voltage Vin. In the detecting circuit 24,24' the current through the current 
source is monitored and compared with a certain threshold as mentioned above. The 
interconnections 12 control via transistors 27 and 26, 26* the voltage line 1 1 to remain at 
Vop,max + Vds . In case of an open output it will be clear that the current through the current 
source is zero and consequently it holds that Vin = Vsuppiy or Vi„ - Vsoun^e . Upon detecting this 
in e.g. detecting circuit 24% which corresponds to open output 28 the switch 26'is opened and 
the control mechanism is interrupted, so this open ou^ut 28 no longer functions in the 
feedback mechanism as described. 

The open output is e.g. detected by means of the circuit of Figure 4, in which 
the detecting ckcuit 24 comprises a differential amplijfier having a current source 30, two 
transistors 31 and in this example two resistors 32 of value R. If no current flows in transistor 
21, the common point of the two resistors 22, 23 has a voltage equal to the voltage at line 11, 
so in botti transistors 31 half of the current I30 flows, leading to aj^^oltage.Vop,max + Yds - V4 
I30.R at output 33. This voltage is chosen to have such a value that the corresponding switch 
26* is opeaod. 

By subsequently selecting the transistors 21 via their gate terminals while 
having their drain terminals comiected to a suitable voltage and keeping all other transistors 
21 off the column outputs can also be supplied subsequently with a certain cmxent I 
(preferably close to Imax) to test all column outputs. 

Especially if a numb^ of columns is not used and the driver is not 
intended for any (further) use with another number of columns it may be sufficient to 
introduce a fuse 40 between transistor 21 and output 28 (Figure 5). The number of 
superfluous outputs can then be eliminated by selecting the corresponding transistors 21 and 
suppljdng appropriate voltages to their corresponding interconnections 12 and voltage line 
11. 

The protective scope of the invention is not limited to the embodiments 
described. The invention is applicable to both active and passive devices, matrix and 
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segmented display devices. Since the driver device may be intended for different kinds of 
display devices (size, dissipation, voltages) the reference voltage or voltage differences 
which are monitored may be programmable. The invention is also applicable to field 
emission devices and other devices based on current driving. 
5 The invention resides in each and every novel characteristic feature and each 

and every combination of features. Reference numerals in the claims do not limit the 
protective scope of these claims. The use of the verb "to comprise" and its conjugations does 
not exclude the presence of elements other than those stated in the claims. The use of the 
article "a" or "an" preceding an element does not exclude the presence of a plurality of such 
10 elements. 
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2 1 Oa 20G2 



1 • A display device comprising a number of picture elements and a display driver 

device comprising driving transistors to be comiected in series with the picture elements the 
display driver device comprising means for monitoring output voltages of the display driver 
device. 

5 

2. A display device as claimed in Claim 1 comprisiag means for signaling the 
value of an output voltage to reach a threshold voltage. 

3. A display device as claimed in Claim 2 having fixsing means between the 
10 driving transistors and the picture elements. 

4- A display device as claimed in Claim 1 comprising a feedback mechanism to 

control a reference voltage of the display driver device. 

15 5. A display device as claimed in Claim 2, the feedback mechanism further 

comprising a control circuit signaling the difference between an output voltage of the display 
driver device for a picture element and the reference voltage being below a threshold voltage. 

6- A display device as claimed in Claim 5 the display driver device comprising 

20 means for detecting after the signaling an open output of the display driver device. 

7. A display device as claimed in Claim 5 the display driver device comprising a 

differential amplifier. 

25 8. A display device as claimed in Claim 4 the picture elements being driven by 

current sources and the feedback mechanism keeping the difference between an output 
voltage of the display driver device for a picture element and the reference voltage 
substantially constant 



PHNL020757EPP 

8 20.08.2002 
9. A display device as claimed in Claim 1 the picture element being a 

luminescent element and the first current determining the luminescence of the luminescent 
element. 

5 10. A display driver device comprising driving transistors to be connected in 

series with picture elements the display driver device comprising means for monitoring 
output voltages of the display driver device. 

11. A display driver device as claimed in Qaim 10 comprising means for 
1 0 signaling the value of an output voltage to reach a threshold voltage. 

12. A display driver device as claimed in Claim 1 1 having fusing means between 
the driving transistors and an output connection of the display driver device. 

15 13. A display driver as claimed in Claim 1 0 fiirdier comprising a feedback 

mechanism to control a reference voltage of the display driver device. 

14. A display driver as claimed in Claim 13, the feedback mechanism fiirther 
comprising a control circuit signaling the difference between an output voltage of the display 

20 driver device for a picture element and the reference voltage being below a threshold voltage, 

15. A display driver as claimed in Claim 10 the display driver device comprising 
a diffi^rential amplifier for detecting after the signaling an open output of the display driver 
device. 



25 



16. A display driver as claimed in Claim 1 5 further comprising a switch in the 

current path between the reference voltiage and the output of the display driver device. 



30 
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ABSTRACT: 



In a driver for a Itmunescent display the operating voltage of a driver circuit is 
monitored to prevent extra dissipation due to open ou^ut connections (28) of the driver 
circmt The monitoring is also used for minimizing pow^ dissipation. 



5 Fig. 3 
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